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^^ ^SE^^NTED SUPERABRASIVE GMN^ DEVICE l 

BACKGROUND OF THE INVENTION 
The present invention relates to grinding devices, such as grinding discs and 
wheels. More particularly, the present invention relates to grinding devices, such as 
grinding discs and wheels, wherein the grinding device is adapted to perform "dry 
machining'' operations. 

In the machining of substantially planar workpieces, such as brake rotors, 
power steering pximp rings and rotors, valve plates, coil spring ends, and the like, it is 
known to pass the workpiece along the radial *Tace" surface of a surface grinding 
disc. For example, U.S. Patent No. 6,419,564 to Herrman, et al., teaches a surface 
grinding machine and a surface grinding disc used therewith to machine substantially 
flat workpieces. In particular, H^nman '564 teaches a segmented grinding disc 
constructed from a circular base to which a plurality of abrasive pieces are secvired in 
a predefined array. The abrasive pieces are arranged so as to define spaces 
therebetween for the purpose of allowing cooling fluids to flow over, around, in 
between and away &om tiie abrasive pieces, thereby flushing swarf from the abrasive 
pieces and fricilitating heat dissipation. According to one aspect of the present 
invention, it is desirable fo provide a grinding device, such as, for example, a surface 
grinding disc or an ^nmil^r grinding wheel, wherein the device includes a plurality of 
abrasive segments arranged in an array thereon (or therearound, as the case m^ be). 

Herrman '562 also teaches that the abrasive pieces may include diamond or 
superabrasive particles, such as cubic boron nitride ("cBN'*) dispersed therein for 
reasons which are obvious to those of ordinary skill in the art However, it is 
customary for machining operations being performed with such a superabrasive 
grinding device to require a flow of coolant to be directed thereover, as described in 
Herrman *564, for the purposes discussed therein. For reasons that will be obvious to 
one of ordinary skill in the art, such ''wet machioing" operations are undesirable. It is 
desirable, therefore, to provide a grinding device, such as, for example, a surface 
grinding disc or an aimular grinding wheel, constructed from a plurality of abrasive 
segments arranged in an array thereon, wherein the abrasive segments include 
superabrasive particles dispersed therein, and wherein tiie device is adapted to operate 
m a "dry machining" environment, that is, for example, without the use of more than 
a nominal quantity of coolant or other lubricant 
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The efficiency of conventional dry machining operations is limited by tiie rate 
at which workpiece material may be removed tiierefirom witiiout imparting workpiece 
failure or damage, such as, for example, burning. This is because coolants serve an 
unportant function of dissipating heat and dry machining is - by definition - 
margining in a dry OT near-dry environment (i.e., without the use of coolants). It is 
desirable therefore to provide a grinding device, such as, for example, a sur&ce 
grindiog disc or an annular grinding wheel, constructed from a plurality of abrasive 
segments arranged in an array tiiereon, AAiierem the plurality of abrasive segments are 
embedded in a matrix composition adapted to enhance heat dissipatioiL 

It is desirable furthermore to provide a metiiod of dry .machining workpieces 
wherein the method provides a grinding device, such as, for example, a sur&ce 
grinding disc or an annular grinding wheel, constructed firom a plurality of abrasive 
segments arranged m an array tiiereon, wherein the pluraUty of abrasive segments are 
embedded in a matrix composition adapted to enhance heat dissipation. 

It is also desirable to provide a metiiod of dry machining workpieces with 
increased machining efficiency, tiiat is, for example, by increasing workpiece material 
removal rates. 

It is even furtiimnore desirable to provide a method of dry machining 
workpieces constructed firam hard materials, which typically are difficult to dry 
machine using known dry machining metiiods and devices. 

ST TMMARY OF THE INVENTION 
The present invention is for a grinding device, such as a surface grmding disc 
or an aimular grinding wheel, constructed firom a plurality of abrasive segments 
arranged in an array thereon, wherein the plurality of abrasive segments are embedded 
in a matrix composition, and ^)(^erein the device is adapted to perform a "dry 
machining" operation. The abrasive segments may be resin bonded or vitrified and 
may include diamond or other superhard or superabrasive particles, such as, for 
example, cubic boron nitride ("cBN"), dispersed therein. Both tiie abrasive segments 
and the matrix composition include a dry lubricant, such as hexagonal boron nitride, 
molybdenum disulphide or graphite, dispersed therein. The abrasive segments flirfljer 
include a melt phase metal conq)osition, such as bronze or otiier copper alloys, to aid 
in heat dissipation. 

It is an object of tiie present invention to provide a grinding device, such as. 
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for example, a surface grinding disc or an annular grinding wheel, wherein the device 
includes a plurality of abrasive segments arranged in an array thereon (or therearound, 
as the case may be). 

It is another object of the present invention to provide a grindmg device, such 
as, for example, a surface grindmg disc or an annular grindu^ wheel, constmcted 
fix)m a plurality of abrasive segments arranged la an array thereon, v^erein the 
abrasive segments include superabrasive particles dispersed therein, and wherem the 
device is adapted to perform "dry machining" operations, that is, machming 
operations without the use of more than a nominal quantity of coolant or other 
lubricant. 

It is still another object of the present invention to provide a grinding device, 
such as, for example, a surface grindmg disc or an annular grinding wheel, 
constructed from a plurality of abrasive segments arranged in an array thereon, 
wherein flie plurality of abrasive segments are embedded in a matrix composition 
ad^ted to enhance heat dissipation. 

It is yet another object of the present invention to provide a method of dry 
machining workpieces wherein the method provides a grinding device, such as, for 
example, a surfece grinding disc or an annular grinding wheel, constructed from a 
plurality of abrasive segments arranged m an array thereon, wherein the plurality of 
abrasive segments are embedded m a matrix composition adapted to enhance heat 
dissipatiorL 

It is also an object of flie present invention to provide a method of dry 
machining workpieces with mcreased machinirig efficiency, tiiat is, for example, by 
increasing workpiece material removal rates. 

It is still another object of the present invention to provide a method of dry 
machining workpieces constmcted from hard materials, which typically are difficult 
to dry machine using known dry machining methods and devices. 

These and other objects, features and advantages of the present invention 
become apparent to those of ordinary skill in the art from the description which 
follows, and may be realized by means of the instrumentalities and combinations 
particularly pomted out therein, as well as by those instrumentalities, combinations 
and improvements thereof which are not described expressly therem, but which would 
be obvious to those of ordinary and reasonable skill in the art. 
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nFSnRTP nON OF THE DRAWINGS 

A better understanding of the invention will be had upon reference to the 
following description in conjunction with the accompanying drawings in which like 
reference numerals represent like parts» and wherein: 

Figure 1 is a face view of a grinding device according to a preferred 
embodiment of the present invention; 

Figure 2 is an edge section view of the grinding device of Figure 1, shown 
along section line 2-2 of Figure 1; 

Figure 3 is a partial section view of the grinding device of Figure 1, shown 
along section line 3-3 of Figure 1; 

Figure 4 is a partial face view of a grinding device according to an alternative 
embodiment of the present invention showing an alternative arrangement of abrasive 
segments on the device; 

Figure 5 is a face view of a grinding device according to an alternative 
embodiment of the present invendoiu and. 

Figure 6 is a section view of the grmding device of Figure 5, shown along 
section line 6-6 of Figure 5, 

nFTAH RD O FSnRTPnON OF THE PREFE RRPH FA/TBODIMENTS 
The present invention is for a grindmg device, such as a surface grinding disc 
or an annular grinding wheel, constructed from a plurality of abrasive segments 
arranged in an array thereon, wherein the plurality of abrasive segments are embedded 
in a matrix composition, and wherein tibie device is adapted to operate in a "dry 
machining" or "near-dry machining" environment 

With reference to Figures 1-3, a grinding device 10 according to a preferred 
embodiment of the present invention takes the form of a surface grinding disc suitable 
for marliining substantially flat workpieces, such as, for example, brake rotors, power 
steering pump rings and rotors, valve plates, coil spring ends, and the like. The 
device 10 includes a circular rigid base 20, constructed from, for example, alurmnum 
or steel, one or more abrasive segments 30 (sometimes referred to as ^n^uttons") 
secured withm a matrix composition 40 which is generally circular in shape and 
conterminous with the base 20. Segments 30 can be vifewed as being "embedded" in 
the matrix composition 40 and may be integrally formed therein or may be inserted 
into pockets (not shown) formed mto the matrix 40 after the matrix has been secured 
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to the base 20. Segments 30 are shown to have a thickness, which is for the purpose 
of illustration only. Matrix 40 preferably extends to the periphery 24 of the base 20, 
although it may extend only a portion over the base 20 towards the periphery 24 
thereof. In either case, matrix 40 covers enough of the base 20 and surrounds each of 

5 the segments 30 sufiBciently to retain segments 30 thereby. Although segments 30 are 
shown in Figure 1 arranged in a cux^ular array forming an array path 26 concentric 
with the device 10, segments 30 may, alternatively, be arranged in some other array. 

For example, referring to Figure 4, a portion of the device is shown wherein 
segments 30 are depicted to be arranged along two concentric paths 26, 26' m 

10 abutting relation to one another. Any number of paths, concentric or non-concentric, 

may be provided without departing from either the spirit or the scope of the present 
invention. Moreover, segments 30 may be spaced from one another, thereby 
providing additional matrix composition 40 therebetween. It should be pointed out 
that the present invention is not limited to any particular size, shape or arrangement of 

1 5 segments 30. Thus, non-circular segments, for example, may be used according to the 

present invention and not depart from either the spirit or the scope thereof. Similarly, 
not all segments 30 provided on a grinding device 10 need to possess the same size, 
shape or arrangement as any other segment 30 provided on that device 10. For 
example, a device 10 may include circular segments 30 in one region thereof and 

20 triangular, rectangular, hexagonal or arcuate segments in another region thereof. 

Even further, segments 30 need not be provided near the paiphery 24 of the 
device 10, as shown and depicted in the Figures. For the purpose of illustration, 
however, segments 30 are circular in shape and have a diameter between 1/4 in. and 
1-1/2 in. Each segment 30 is spaced from adjacent segments 30 by a distance no 

25 greater than 1/2 of the shortest dimension of the workpiece to be machined thereby. 

Referring back to Figure 3, the matrix 40 is formed so that an exposed surface 
42 thereof is substantially coplanar with an abrasive face 32 of the segments 30, 
thereby defining a substantially continuous planar face of the device 10. Using 
conventional means, workpieces (not shown) are brought into contact with the face of 

30 the device and advanced therealong to machine a substantially flat surface of or into 
the workpiece. 

Turning now to the composition of the segmrats 30, the following 
compositions and ranges thereof are provided for the purpose of illustration only. 
Generally stated, according to one aspect of the present invention, a grinding device is 
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provided having abrasive segments comprising: 1) a superabrasive material, such as 
cBN; 2) a resin bond, such as apolyimide resin; 3) a refractory, non-grinding abrasive 
grain, such as boron carbide ("BC"); 4) a heat-dissipative melt-phase metal, such as a 
copper-tin (i.e., bronze) alloy; and, 5) a dry lubricant, such as hexagonal boron nitride 
(«hBN"). 

The cBN is provided in an amount ran^ng between 10% and 43.75% (by 
volume), and preferably 12% (by volume). Alternatively, diamond may be provided 
in accordance wiHi the foregoing range. 

The cBN is dispersed in a resin bond, preferably a polyimide resin, 
constituting between 30% and 50% (by volume), and preferably 37.8% (by volume), 
of tiie segment (excluding the volume percentage of cBN constituting the segment). 
A glass fiit, such as, for example, borosilicate glass, may be substituted for the resin 
bond. 

The refractory, non-grinding abrasive grain, such as, for example, BC, is 
provided in an amount less than or equal to 10% (by volume), and preferably 2.2% 
(by volume), of the s^ment (excludmg the volume percentage of the cBN 
constituting tiie segment). BC grain size is preferably less than or equal to 1/2 the 
grain size of the average cBN grain, and may be anywhere in the range between 220 
and 1000 mesh. 

The melt-phase metal may be selected from the class of copper-tin alloys 
known as bronze, and constitute between 30% and 68% (by volume, excludmg the 
volume percentage of cBN constituting the segment). Preferably, the melt-phase 
metal is composed of 34.3% (of the segment, by volume) of copper powder and 9.2% 
(of the segment, by volume) of tin powder. The melt-phase metal serves to enhance 
heat dissipation through the segment during machining operations. 

The dry lubricant is provided to inhibit the generation of heat due to friction 
and constitutes at least 1% (by volume), and preferably 2.2% (by volume)^ of the 
segment (excluding the volume percentage of cBN constituting the segment). The dry 
lubricant is preferably formed from hBN, but it may alternatively be formed from 
molybdoium disulphide, graphite, coke or any lithium sterate. 

Turning now to the composition of the matrix 40, the following conq>ositions 
and ranges thereof are provided fiwr the purpose of illustration only. Generally stated, 
according to one aspect of the present invention, a grinding device is provided having 
a matrix surrounding one or more abrasive segments, wherein fbs matrix comprises: 
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1) an epoxy resin; 2) a dry lubricant, such as molybdenum disulphide («MOS"); 3) a 
porosity filler material, such as a ceramic material shaped into spheroids; and, 4) a 
reftactory non-grinding abrasive grain, such as silicon carbide ("SiC"). 

The epoxy resin is preferably a two part epoxy with reactive dilutant and anti- 
foam additives, such as, for example, a two-part epoxy distributed by The Dow 
Chemical Company or Midland, Michigan, identified by Dow product number 
331/37-614. Preferably, the matrix comprises 35% (by weight) of the epoxy resm. 

The dry lubricant is preferably MOS provided in an amount ran^ng betweeai 
1% and 5% (by weight), and preferably 1 .7% (by weight). Similar to the dry 
lubricant provided in the segments, the dry lubricant is provide m the matrix for the 
purpose of inhibiting the generation of heat due to fiiction. 

The porosity filler material is provided in an amomt ranging between 3% and 
15% (by weight), and preferably 7.0% (by weight). Preferably, the filler is a 14/40 
ceramic bubble material. 

The reftactory material is provided for the purpose of wear retardation, and is 
composed of an abrasive grain such as A103, SiC, boron carbide or zirconium oxide 
in an amount ranging between 10% and 70% (by weight), and preferably 56.3% (by 
wdght). The grain size of the reftactory material preferably is the same size or 
smaller than the grain size of the cBN used m the segments. 

Referring now back to Figures 1-3, one method for constructing the grinding 
device 10 according to the preferred embodiment of the present mvention will now be 
described. 

A grinding device according to the present invention provides many features, 
benefits and advantages, including without limitation: improving safety of operation 
during high-speed grindmg, increasing wheel "life", increasing finish quality, 
reducing wheel dust, eliminating wheel dressing requurements and improving 
metallurgical mtegrity of the worlq)iece (i.e., no more than negligible bums, stresses 
or other subsurface worlq)iece damage). 

Referring now to Figure 5, a device 100 according to one alternative 
embodiment of the present invention takes the form of an annular grinding wheel 
' suitable for cylindrical machining operations to machine generally cylmdrical 
worlq>ieces, such as, for example, crankshaft bearings and pins, camshaft lobes, and 
the like. Device 100 includes a cylindrical base 120, constructed fix>m, for example, 
aluminum or steel, one or more abrasive segments 130 secured witiiin an annular 
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matrix composition 140 which at least partiaUy surrounds an outer peripheral surface 
124 of the base 120. Segments 130 can be viewed as being "embedded" in the matrfac 
140 and may be integrally fomied flierein or may be inserted mto pockets (not shown) 
formed into the matrix 140 after the matrix 140 has been formed around (or otherwise 
secured to) the base 120. Segments 130 are shown to have a thipkness, which is for 
the purpose of illustration only. Matrix 140 is shown to cover the enthe peripheral 
surface 124 of the base, although it may alternatively cover only a portion thereof. In 
either case, matrix 140 covers enough of the base 120 and is of a sufficient thickness 
to surround each of the segments 130 to prevent dislodging of the segments 130 
during use. 

Although the segments 1 30 are shown in q)aced relation over only a portion of 
the periphery of the device 100, segments 130 may be spaced around the entire 
periphery. Moreover, although segments 130 are shown depicted as circular 
^'buttons", tiiey may alternatively take flie form of arcuate segments (not shown), 
whether spaced from one anotiier by a nominal distance or in an end-to-end abutting 
relation. 

The composition of the segments 130 and of the matrix 140 according to the 
present embodiment is the same as the compoation of the segments 3,0 and of the 
matrix 40, respectively, of the preferred embodunent hereof. 

Devices 30, 130 according to the present invention are suitable for performmg 
dry machining operations on hard woilq)ieces at feed rates m excess of 40 
meters/second. Indeed, it has been observed that Ihe device 30 accocdmg to the 
preferred embodiment hereof iMcovides optimal dry machming operations at a feed rate 
of about 50 meters/second. 

The present invention provides a grinding device, such as, for example, a 
surface grindmg disc or an annular grinding wheel, wherein the device includes ,a 
plurality of abrasive segments arranged in an array thereon (or therearound, as the 
case may be). 

The present invention also provides a grinding device, such as, for example, a 
sur&ce grinding disc or an annular grinding wheel, constructed fixan a plurality of 
abrasive segments arran^ m an arr^ thraeon, \\*ierein the abrasive segments 
include superabrasive particles dispersed flierem, and herein the device is adapted to 
perform "dry machining" opaations, that is, machining operations without Ihe use of 
more than a nominal quantity of coolant or other lubricant 



wo 2004/011020 PCT/US2003/023517 

The present invention even further provides a grinding device, such as, for 
example, a surfece grinding disc or an annular grinding wheel, constructed from a 
plurality of abrasive segments arranged in an array thereon, wherein the plurality of 
abrasive segments are embedded in a matrix composition adapted to enhance heat 

5 dissipation. 

Even more, the present invention provides a method of dry machuiing 
workpieces vs^erein ibe method provides a grindmg device, such as, for example, a 
surface grinding disc or an annular grindmg wheel, constructed from a plurality of 
abrasive segments arranged in an array thereon, wherein the plurality of alnrasive 
10 segments are embedded in a matrix composition adapted to enhance heat dissipation. 

The present invention also provides a method of dry machining workpieces 
with increased macWning efficiency, that is, for example, by mcreasing worlq)iece 
material removal rates. 

The present invention even further provides a method of dry machining 
15 worlqpieces constructed from hard materials, which typically are difficult to dry 

machine using known dry machining methods and devices. 

Despite being adapbed to perform "diy machining'' operations, a grindmg 
device according to the present mvention will operate without any loss of function or 
benefit in a 'Svet machining** environment and the examples used herein should not be 
20 interpreted as limiting the scope of the present invention to only "dry machining" 
operations or machining environments. 

While the mvention has been described and illustrated with reference to one or 
more preferred embodiments thereof, it is not the intention of the applicants that tiie 
invention be restricted to such detail. Rather, it is the intention of the applicants that 
25 the invention be defined by all equivalents, both suggested hereby and known to those 

of ordinary skill in the art, of the preferred embodiments falling within the scope 
hereof. 
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